Introduction: Students approaches to learning influences their understanding of the concepts of a subject matter. A learning approach considers the motivation and the strategies employed by the student to learn Objective: To investigate the learning approaches (Deep vs. surface) of medical students following a PBL-based medical curriculum and their association to gender and age. Method: This cross-sectional study was conducted among 189 pre-clinical students following a PBL-based medical curriculum at the School of Medicine and Health Sciences, University for Development Studies, Ghana. Students' learning approaches were assessed using the Biggs's Revised Two Factor Study Process Questionnaire (SPQ) and compared with their demographic factors of gender and age. Linear regression models were employed to determine the predictors of deep and surface approaches to learning. Result: The students were frequently male (60.8%, n= 115); 78.3% (n=148) aged 18-23 years and 42.3% (n=80) in their second year of medical education. Respectively, mean and standard deviation for deep and surface scores were 31.23 ± 7.19 and 22.62 ± 6.48 (p=0.0011). Gender as well as year of study was neither associated to deep approach nor to surface approach scores. While deep approach scores increased with increasing age (β = 0.33, p<0.01), surface approach scores decreased (β = -0.20, p<0.05). Conclusion: Our findings may support the literature that PBL promotes deep approach to learning among students. Deep approach to learning was significantly associated to age but not to gender and year of study.
Introduction
According to Zhang and Sternberg [1] , an approach to learning considers the motivation and the adoption of appropriate strategies by students to learn. Biggs et al., [2] adds that an approach to learning outlines the nature of the interaction between the student, context and task. In general, two approaches to learning have been outlined: the 'surface' approach and the 'deep' approach [3] . Students adopting a deep approach are motivated internally to study a subject area [4] . They derive enjoyment from the learning task, learn for understanding and apply the knowledge acquired to real life situations [5] . They critically examine ideas and evidence, use it cautiously and actively and relate new information to prior knowledge. Furthermore, the deep approach is found to facilitate the retention of factual details more effectively [6] . Conversely, surface learners make use of rote learning and memorization, avoid personal understanding, and are unreflective about their learning experience [2, 7] . Predominantly they are motivated by either a desire to simply complete the course [4] or by a fear of failure [8] . They tend to be anxiously aware of assessment requirements and prefer to restrict learning to a defined syllabus and specified tasks [4] . These students commonly exhibit an extrinsic motivation to learn, unquestioning and the acceptance of everything in the textbook and in lectures [9] .
Evaluating students' approaches to learning can help students to become better learners; assist individual teachers to monitor and improve the effectiveness of their teaching; identify students at risk as a result of ineffective strategies; observe the outcomes and experience of learning and evaluating the impact of a new curriculum [3, 6, 8, [10] [11] [12] Numerous instruments or inventories have been developed to assess students' approaches to learning. These include the Approaches to Study Inventory (ASI) [13] , Biggs' Study Process Questionnaire (SPQ) [14] , Inventory of Learning Styles in Higher Education (ILSHE) [15] , Approaches to Study Skill Inventory for Students (ASSIST) [16] , and the Revised Two-Factor Study Process Questionnaire [2] . All of these inventories/instruments have their strengths and weaknesses.
In the present study Biggs Revised Two Factor Study Process Questionnaire (R-SPQ2F) [2] was used to evaluate the individual student's approach to learning which is determined by their motive and strategy of learning. In response to request for a shorter version of the SPQ, Biggs et al., [2] developed a simple version comprising two factors (deep and surface) with 20 items.
In 2007, the University for Development Studies, School of Medicine and Health Sciences (UDS-SMHS) adopted the problem-based learning method of teaching and learning after using the conventional method for 10 years. The UDS-SMHS is the first medical school in Ghana to adopt an innovative method of teaching and learning [17] . For the past six years the UDS-SMHS has been using the PBL methodology without any research on the impact of the curriculum on the learning approaches of students.
A number of factors have been shown to influence students' approaches to learning. Some of these factors have been categorized as personal (e.g., student gender, age, prior experiences) and contextual (e.g., teaching/ learning activities/methods, perceived workload, assessment procedures, institutional values) [14, 18] . Studies on the study approaches of students and their associated factors are limited in Sub-Saharan Africa including Ghana.
This study was aimed at investigating approaches to learning (Deep vs. surface) among Ghanaian medical students. In addition, the study investigated the influence of gender and age on the learning approaches of the students.
Method

Study setting and Participants
In 2007, the UDS-SMHS adopted a Problem-Based Learning, Community-based Education and Service (PBL-COBES) curriculum for the training of its students. The UDS-SMHS is a pioneer in the adoption, implementation and promotion of innovative learning methodology in Ghana. Details of how teaching and learning is carried out using the PBL-COBES curriculum is presented elsewhere [17] . To ensure uniformity of the participants with regards to the type of teaching and learning methodology they were following, first year students were excluded from the study because they were following a conventional method of teaching and learning, described elsewhere [17] . As such we included second, third and fourth year medical students (generally preclinical medical students) into the study.
Distribution and collection of questionnaires were coordinated by a staff member. The study was reviewed and approved by the Ethics Committee of the UDS-SMHS.
Instrument
The Biggs's Revised Two Factor Study Process Questionnaire (R-SPQ2F) [2] was used to measure the students' approaches to learning. According to Biggs, a student's learning approach is a function of both a motive and a strategy [12] , with the motive influencing the learning and studying strategies that the student adopts [4] . Several studies have demonstrated that students' approaches to learning are contextually dependent and are not stable [19, 20] . This study was done in the pre-clinical context. This questionnaire is unidimensional for each subscale and the subscales are internally consistent [2] . The questionnaire consisted of 20 items on students' approaches to learning. The questionnaire was modified to meet the context of the study. In addition, demographic factors such as age, gender and level of study of medicine were added to the questionnaire. The responses to the questionnaire were analysed according to Biggs [2] scoring system. Each student had scores for deep motive, deep strategy, surface motive and surface strategy. All deep motive and strategy scores were summed to arrive at a deep approach score for a student. All surface motive and strategy scores were summed to arrive at a surface approach score. The maximum possible score was 50 for each of deep or surface approaches consisting of motivation and strategy scores equally whereas the minimum possible score was ten for each approach [21] . The questionnaire had a good level of internal consistency and was also valid for the study [22] . It was self-administered to all students from PBL 1 to PBL 3.
Statistical analysis
Descriptive statistics of mean and standard deviation for each approach were calculated. Internal consistency of the questionnaire was determined by Cronbach alpha scores. Linear regression models were used to determine the predictors of deep approach and surface approaches to learning. Statistical significant differences between means were set at the 0.05 level. The statistical software GraphPad Prism version 5.00 (GraphPad software, San Diego California USA, www.graphpad.com) for windows was used for the descriptive analysis. SPSS (17.0) was used for calculating the Cronbach alpha and modelling the linear regression models.
Result
Of the 235 students contacted, 217 returned the questionnaire from which 28 were incomplete, leaving 189 (80.4% response rate) complete questionnaires for the study. The general characteristics of the students are presented in table 1. The students were frequently male (60.8%, n=115), in their second year of medical education (42.3%, n=80) and had a mean age of 22.69 ± 0.18 years. Increase in age significantly predicted an increase in deep approach scores (β = 0.33, p<0.01) The linear regression model in table 5 shows the relative contribution of predictor variables of surface approach scores. Explaining 3% of the variance in our linear regression model, increasing age predicted a significant decrease in surface approach scores (β = -0.20, p<0.01). 
Discussion
In the present study, the deep approach recorded the highest scores making it the dominant learning approach among the students. In contrast to our findings a study by Martenson [23] among students following a traditional medical curriculum recorded surface scores as the highest. Several studies among pre-clinical students have also recorded higher surface scores [4, 6, 8, 21, 24] . The high deep scores found among pre-clinical students in this study could be as a result of the PBL teaching and learning methodology. In a comparison of traditional and PBL curriculum, Newble & Clarke [25] found that the traditional curriculum was associated with a surface approach whereas PBL fostered a deep approach. This same finding has also been observed in a study by Tetik et al., [21] in a study that assessed students' learning approaches at Medical Schools applying different curricula in Turkey. PBL has characteristics such as early encounter with clinical problems and selfdirected learning which has been shown to promote deep approaches to learning among students [21, 26] . These characteristics promote intrinsic motivation which are associated with the deep learning approach [27, 28] . In the absence of a comparison group in our study, we only postulate the likelihood that our PBL based curriculum which has the above characteristics might have enhanced the learning experience of our students resulting in higher scores in the deep approach. We however, suggest an elaborate study that considers two groups following different curricula (traditional vs. PBL) to confirm or disprove our findings.
From our linear regression model, there were no significant associations between gender and students' approaches to learning. In keeping with our findings Rajendra Kumar et al., [29] did not find a difference between gender and students approaches to learning among first and second year medical students in Malaysia. Another study by Samarakoon, Fernando & Rodrigo [16] among preclinical students in Sri Lanka did not find statistically significant differences between male and female students and the median scores of their approaches to studying. This presupposes that gender did not have an effect on learning approaches in this study.
Another important finding of our study was the fact that as deep approach scores increased with an increase in age, surface approach scores decreased. In Biggs [14] Presage Process Product model (3P model), age has been considered as a personal presage factor which has been shown to influence student approaches to learning [5, 30] . In agreement with our findings, Duff [31] found that age was positively correlated with deep approach and metacognitive awareness and negatively correlated with surface approach.
Research has shown that approaches to learning are not permanent and may change depending on the situation. This has been explained by the Biggs 3P model that recognizes changeability as well as the significance of learning approaches in the learning process. Learning approaches are thus dynamic. Studying a group of students at a point in time would not be adequate to provide fair assessment of their learning approaches. This study therefore serves as a baseline for a longitudinal study to establish the learning approaches of the students as well as the factors that affect them.
Conclusion
The Deep approach was the most predominant approach employed by the students. Gender was neither associated to the deep approach nor to the surface approach. Deep approach scores increased with an increase in age and surface approach scores increased with a decrease in age. Students and teachers should be encouraged to continuously use the deep approach for teaching and learning.
